Background: Quality indicators for Chinese patients with chronic heart failure (CHF) have been developed. However, little is known about the compliance with quality indicators and the association between process indicators and in-hospital mortality in China. 
Introduction
C hronic heart failure (CHF) is one of the serious public health issues in China. An epidemiological survey throughout 10 Chinese provinces revealed that 0.9% of residents aged 35-74 years old had been diagnosed as CHF. 1 This accounts for 20% hospitalization and 40% death of cardiovascular diseases which are the leading cause of death in Chinese residents except cancer. 2, 3 The morbidity and costs associated with treating CHF patients are likely to increase over the next decade due to the aging of the population. Optimal quality of care may reduce the huge burden of morbidity, mortality and health care expenditures.
Professional societies, government agencies, accreditation organizations and insurers in Western countries are all involved in efforts to assess and improve quality of care in hospital settings. [4] [5] [6] [7] In order to optimize the quality of care for Chinese patients, CHF-specific quality indicators suited to the Chinese health-care system have been identified, which lay the groundwork for future initiatives aimed at assessing and improving quality of care. 8 The process indicators were developed based on the assumption that clinical practice complying with evidence-based therapies by hospitals can reduce the likelihood of adverse outcomes among patients. It is intended to assess the quality of care delivered by Chinese health-care providers and serve as the criteria of pay for performance with these indicators. Therefore, it is especially important that each process indicator is evidence-based and has significant impact on patient outcomes.
Although the scientific evidence of current performance measures is strong, 7,9-11 existing studies have shown inconsistent associations between clinical care processes and outcomes. Several studies have suggested that higher compliance with quality indicators is associated with a lower risk of mortality and readmission. [12] [13] [14] [15] [16] [17] However, the associations between American College of Cardiology/American Heart Association performance measures and early mortality have been not reported except that angiotensin-converting enzyme inhibitor (ACEI) or angiotensin receptor blocker (ARB) at discharge have been found to be associated with 60-90-day post-discharge mortality or rehospitalization. 18 An analysis of data from a university hospital in Louisiana even shown that compliance with the Joint Commission on Accreditation of Healthcare Organization performance measures would increase the risk of readmission. 19 Compared with most discharge indicators and follow-up indicators of other organizations, 7, 11 Chinese quality indicators for CHF patients mainly consist of recommended interventions during the hospital stay. 8 The differences reflect the actual health care conditions in China. The State Council has conducted health-care system reform to improve medical security of Chinese people. As the government increased investments to health care, the proportion of individual health expenditure in the total health expenditure decreased from 60.0% in 2001 to 34.9% in 2011. 2 However, the reimbursement policies mainly cover inpatients but outpatient treatment will be paid by patients themselves. Therefore, the use of recommended interventions during the hospital stay has become the focus of quality of care measurement in China. Furthermore, the follow-up mechanism of China was incomplete as the results revealed that it was difficult to access patient data after discharge. To date, there is little knowledge about the degree of compliance with recommended interventions in CHF care and limited available data about whether complying with those interventions will reduce the risk of mortality in China. In this study, we assessed the quality of care for CHF patients and examined the association between process indicators and in-hospital mortality using the data from the medical records of patients admitted in 20 tertiary hospitals in China. This study will provide evidence for improving the quality of care for CHF patients.
Methods

Quality indicators
Six process indicators and one outcome indicator were assessed. The descriptions of each indicator included the denominator which was the patients eligible for an intervention with no contraindications to that intervention and the numerator which was the eligible patients who actually received the recommended intervention, as follows: The compliance rates with process indicators were calculated as the number of eligible patients who actually received the recommended intervention (Numerator) divided by the total number of eligible patients for that intervention (Denominator). The crude inhospital mortality was defined as the percentage of patients who died during hospital stay.
Data source
This was a retrospective study of patients who were admitted in 20 tertiary hospitals of Heilongjiang Province in Northeast China between 1 January 2009 and 31 October 2010. To be eligible for the research, patients had to be hospitalized with an episode of worsening heart failure as the primary cause for admission or with heart failure symptoms during hospitalization in which heart failure was the primary discharge diagnosis, according to International Classification of Diseases, Tenth Revision codes I50.001, I50.003, I50.004, I50.103, I50.105-I50.107, I50.902, I50.905-I50.910, I50.912, I50.951 and I50.952. The database managers in each hospital de-identified medical records by removing names, addresses and telephone numbers of patients before we abstracted the data. Every patient was identified by a unique medical record number. One hundred patients within each hospital were randomly selected after all available medical records from that hospital were sorted by medical record numbers, and all medical records were used if a hospital had fewer than 100 records. Four trained data collectors used standardized definitions to abstract patient data. Patient variables included demographic characteristics, addiction (e.g., smoking, drinking), medical history (had or not), clinical presentation (e.g., status at admission, admission diagnosis, heart rate), therapies, associated main contraindications to therapies and inhospital outcome (e.g., mortality, length of stay). To ensure the reliability of data, two collectors abstracted the same discharge record. The inter-collector consistency was assessed at the end of each day. When the agreement rate fell below 95%, the record was reviewed the next day.
Study population
Between 1 January 2009 and 31 October 2010, 1887 patients were entered into the study population. We excluded 5 patients who were younger than 18 years and 20 patients who left hospital without clinician admission. The remaining 1862 patients were included in this study. We identified patients who were eligible for each recommended intervention as the denominator and those who had actually received the intervention as the numerator to assess the hospital quality of care according to that process indicator.
Statistical analysis
Medians (interquartile ranges) for continuous variables, and numbers (percentages) for categorical variables were reported. The minimum, 25th, 50th, 75th and maximum values were calculated for each process indicator across 20 hospitals. Because in-hospital outcome might have also been influenced by patient characteristics in addition to the quality of care delivered, multivariate analysis was performed to calculate standardized in-hospital mortality for each hospital, 20, 21 with adjustment for confounding factors such as age, medical history (had or not), status at hospital admission (dangerous, urgent or general), renal disease (e.g., renal dysfunction, chronic renal failure), liver disease (e.g., hepatitis, cirrhosis, liver damage), hypertension, low sodium syndrome and length of stay.
The association between each process indicator and in-hospital mortality was assessed using a univariate and a multivariate analysis with in-hospital outcome (death or survival) as the dependent variable and compliance with a process indicator (yes or no) as the independent variable. Patient characteristics were adjusted for as potential confounding factors in the multivariate analysis. The confounding factors varied for different process indicators.
In all the multivariate analyses, the confounding factors were first selected with a stepwise selection procedure by a multivariate logistic model. The P value of 0.05 was used for entry in, and 0.10 was used for retention in the model during the selection process. Accounting for the hierarchical nature of the study population (patients clustered within hospitals), we reestimated the regression coefficients of the independent variable using hierarchical generalized linear model (HGLM) with a logit link. The confounding factors identified by stepwise strategy were further manually selected in the HGLM and P < 0.15 was considered as acceptable level to sufficiently adjust for confounding factors. The model intercept was initially entered as random coefficient in all the HGLMs, and only eligible patients were included in each of these analyses. The C statistics (area under receiver operating characteristic curve) was estimated to evaluate the goodness of fit for the HGLMs.
All statistical analyses were conducted using SAS software version 9.2. A two-sided P < 0.05 was established as the level of statistical significance for all tests. Table 1 shows baseline and clinical characteristics for the overall population. Median age at hospital admission was 70 years, and 51.6% of admitted patients were male. Of 1862 patients, 74.1% patients had a history of disease before hospitalization and 4.9% patients were recorded as dangerously ill at hospital admission. Most of the patients admitted to the hospitals had coronary heart disease (70.9%), arrhythmia (51.9%), hypertension (51.5%) and respiratory disease (41.3%). The overall median heart rate and length of hospital stay were 88 beats min À1 and 11 days, respectively. 
Results
Baseline and clinical characteristics
Performance and variation
beta-blocker, 44.0% (range 0.0-80.0%); aldosterone receptor antagonist, 65.7% (range 0.0-94.7%) and warfarin, 12.0% (range 0.
Process-outcome link
Patients who survived were more likely to have received the evaluation of left ventricular function (67.4 vs 47.1%), prescription of ACEI/ARB (55.7 vs 30.0%) and aldosterone receptor antagonist (64.6 vs 42.1%). The unadjusted and risk-adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for the association between process indicators and in-hospital mortality are presented in table 3. Of the six process indicators, compliance with evaluation of left ventricular function and prescription of ACEI/ARB for CHF patients with LVSD were predictive of in-hospital mortality in the univariate analysis. After the adjustment for confounding factors, the evaluation of left ventricular function, prescription of ACEI/ARB and aldosterone receptor antagonists were found to be associated with in-hospital mortality. Patients receiving these interventions had a 45, 67 and 65% relative-reduced risk of in-hospital mortality, respectively. The other three process indicators were not significantly associated with in-hospital mortality. The C statistics for these multivariate HGLMs ranged from 0.75 to 0.86.
Discussion
The Institute of Medicine defined quality of care as 'the degree to which health care services for individuals and populations increase the likelihood of desired health outcomes and are consistent with current professional knowledge. ' 22 Yet quantifying quality of care is an important and challenging process. Researchers have reached a IQR, interquartile range. consensus that quality indicators could provide a mechanism to detect strengths and weaknesses in existing clinical practice. Quality indicators are served as the foundation of improving the quality of care, thus it is in great demand that there be a link between the processes being measured and patient outcomes. If compliance with process indicators does not result in better outcomes, then medical resources will be misallocated, and stake holders may be misinformed about quality of care. The Canadian Cardiovascular Outcomes Research Team recommended benchmark values for process indicators which were set at <100%, in recognition of the fact that contraindications to a therapy were not always obtained in the indicator definitions. 11 However, the compliance rates with process indicators in China were much less than the target levels. The compliance is maximal on prescribing diuretics (86.2%) and minimal on prescribing warfarin (17.1%). There were even large disparities in compliance with previous studies. An analysis of the Acute Decompensated Heart Failure National Registry (ADHERE) data found that the median compliance rates were 86.2% for evaluation of left ventricular function, 72.0% for ACEI/ARB and 24.0% for discharge instructions. 23 Compliance rates for the same indicators in the Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients With Heart Failure (OPTIMIZE-HF) registry were 87, 83 and 54%, respectively. 18 We found great variations in compliance with process indicators and in-hospital mortality across hospitals in our study, which was in agreement with previous studies. [23] [24] [25] [26] Such variations reflect differences in training, familiarity with guidelines and utilization of resources across hospitals. These results may have significant clinical and public health implications for developing effective measures to narrow the gap between guidelines and clinical practice and to decrease the variations in quality of care across hospitals in China.
This study provides further evidence supporting the processoutcome link for evaluation of left ventricular function, ACEI/ ARB and aldosterone receptor antagonist for LVSD. The evaluation of left ventricular function is a diagnosis indicator which is of great importance to understand the clinical status of patients, guide clinical practice, assess curative effect and predict prognosis. The guidelines for diagnosis and treatment of patients with CHF recommend that all patients with heart failure should be evaluated for left ventricular function. 27 This diagnostic assessment is the basis of treatment plans and it has been reported that the use of echocardiography appears to be associated with more use of evidence-based therapies and better outcomes. 13, 28 The process-outcome link for ACEI/ARB was also examined in the previous studies. Two meta-analyses of randomized trials, respectively, showed that the prescription of ACEI was associated with a 23% relative reduction in total mortality and significantly reduced the rates of readmission and reinfarction. 29, 30 Furthermore, ARB resulting in better patient outcome should substitute for ACEI when CHF patients had contraindications of ACEI. 31 Pitt et al. 29, 32 reported that aldosterone receptor antagonist substantially reduces the risk of both morbidity and mortality in patients with severe heart failure. In our study, after accounting for data clustering and adjusting for confounding factors, aldosterone receptor antagonist became statistically significant associated with in-hospital mortality.
Although there were no long-term clinical trials to support the role of diuretics in CHF treatment, patients with heart failure in most clinical trials were prescribed diuretics. 33 In this study, diuretic as a quality indicator was not associated with in-hospital mortality. The same trends were observed with beta-blocker and warfarin. Long-term therapy with beta-blockers could improve clinical symptoms and left ventricular function, and significantly reduce the risk of death and hospitalization. [34] [35] [36] [37] Within the hospitalization time frame, it may not be possible for betablockers to have obvious effect on clinical outcome in CHF patients. The use of warfarin could reduce the risk of systematic embolization and stroke for CHF patients with atrial fibrillation, but it revealed that the association with in-hospital mortality did not reach significance.
Several issues should be considered in the interpretation of the findings. First, obtaining such data was very difficult and expensive in China. Because electronic medical records have not been widely implemented, our research team members had to go to each hospital to collect data personally. Second, the structure of medical records was designed for administration purposes rather than the assessment of quality of care. This might have some impacts on the accuracy of the denominator (patients eligible for an intervention with no contraindications to that intervention) and numerator (eligible patients who actually received the recommended intervention). Some patients might have had contraindications for specified care but had not been documented, leading to overestimate of denominator. The reasons for nonuse of recommended therapy might not have been documented, resulting in the underestimate of numerator. Third, this study is observational that the processoutcome links do not prove causality. Finally, given the high mortality observed, we focused on short-term outcome during the hospital stay. However, the time frame during the hospital stay may not have been sufficient for assessing the effect of some therapies. To more accurately profile healthcare providers and improve the quality of care for CHF patients, we will make further efforts to collect long-term outcomes, such as 1-year readmission or mortality to demonstrate the association with process indicators in future research in this area. The indicators will be updated on ongoing scientific evidence. Registry-based quality of care improvement initiative has been reported to be associated with substantial improvement in compliance with quality indicators and clinical outcomes for CHF patients. 38 We will launch a collaborative initiative and recruit a group of hospitals to participate. Through the initiative, quality of care of participating hospitals will be tracked and compared. Hospitals can share effective strategies, which will help them to accelerate implementation of evidence-based therapies to narrow the gap with guidelines and decrease the variation in quality of care across hospitals. 
Key points
Considerable gaps existed between guidelines and clinical practice among hospitals in China. The compliance is maximal on prescribing diuretics and minimal on prescribing warfarin. There were great variations in compliance with process indicators and in-hospital mortality across hospitals. After accounting for data clustering and adjusting for patient's condition, evaluation of left ventricular function and prescription of ACEI/ARB and aldosterone receptor antagonist for CHF patients with LVSD were found to be associated with in-hospital mortality. The process indicators need to be further proved the association with long-term outcomes and updated on ongoing scientific evidence. A quality improvement initiative aimed to improve the quality of care for CHF patients is necessary. little is known about the specific service priorities, and experiences of clients using shelter facilities for homeless people, homeless youth and abused women. According to a literature study by Wolf, Luijtelaar, Jansen and Altena 3 the few existing client satisfaction studies among homeless people and youth have all been conducted in the USA and have used instruments designed for other populations (e.g. medical patients). Macnee and McCabe 4 have questioned the applicability of such instruments to homeless people. There is a similar lack of internationally published research evaluating shelter health care services to abused women. 5, 6 Especially little is known about the experience of being in a refuge from the women's point of view. 7 The Social Support Act in the Netherlands 8 requires shelter agencies to report annually on client satisfaction, in the interest of both external accountability and internal quality control. At present, however, no standardized assessment instruments exist for their target populations (homeless people, homeless youth and abused women). Organizations either construct their own questionnaires or use instruments designed for other target populations which may or may not be adapted for the purpose. Many such instruments have not been tested for reliability and validity, and comparisons between service providers are rendered impossible by the variety of instruments used.
In monitoring the quality of care from a client perspective, some Dutch health care sectors make use of consumer quality indexes (CQ indexes or CQIs). 9 These are based on the American CAHPS (Consumer Assessment of Healthcare Providers and Systems 10 ) and the Dutch QUOTE (Quality Of care Through the patient's Eyes 11 ) questionnaires. Like the CAHPS and QUOTE questionnaires, CQI instruments assess patient experiences, rather than patient satisfaction, as experience measures have been found to be less subjective than satisfaction measures, as well as generating more detailed information for quality improvement. 9 Two types of CQI questionnaires exist: (i) the 'experience questionnaire', on which clients rate their experiences with specific service aspects on a 4-point scale (1 = never, 2 = sometimes, 3 = usually, 4 = always); and (ii) the 'importance questionnaire', on which clients rate the importance they attach to those aspects on a 4-point scale. Both the development of CQI instruments and the analysis and reporting of results are bound to strict guidelines developed and monitored by the Health Care Insurance Board (CVZ).
